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(54) X-RAY GENERATING DEVICE 
(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce attachment or deposition of an 
inconvenient scatter grain in an X-ray discharge direction for stably using a 
device for a long time in the case of using buffer gas for prohibiting the scatter 
grain. 



SOLUTION: An excitation energy beam is applied to a target member 214 in a 
pressure-reduced vacuum container 221 to form plasma 213, where buffer gas is 
used for prohibiting a scatter grain discharged from the target member 214 
and/or the plasma 213. In this case, a member having an aperture part A for an 
excitation energy beam 21 1 to pass and a separate aperture part B for an X-ray > 
212 to pass is provided close to the target member 214 and the plasma 213 as a 
scatter grain shielding member 201 to shield the scatter grain discharged from 
the target member 214 and/or the plasma 213. In addition, a scatter grain 
prohibiting member 202 is provided adjacent to or close to a three-dimensional 
angular range equivalent to a range where the X-ray 212 is taken out. 
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* NOTICES * 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Irradiate an excitation energy beam and the plasma is made to form in the target member in the decompressed vacuum 
housing. In the X-ray generator which uses a buffer gas in order to prevent the scattering particle which is the X-ray generator 
which takes out an X-ray from this plasma, and is emitted from said target member and/or said plasma It is the member which 
has opening which said excitation energy beam passes, and another opening which said X-ray passes. The scattering particle 
electric shielding member which covers the scattering particle emitted from said target member and/or said plasma is prepared 
near said target member and the plasma. And the X-ray generator characterized by preparing the scattering particle inhibition 
member which adorns or approaches in the solid angle field equivalent to the range which takes out said X-ray. 
[Claim 2] Irradiate an excitation energy beam and the plasma is made to form in the target member in the decompressed vacuum 
housing. In the X-ray generator which uses a buffer gas in order to prevent the scattering particle which is the X-ray generator 
which takes out an X-ray from this plasma, and is emitted from said target member and/or said plasma It is the member which 
has opening which said excitation energy beam passes, and another opening which said X-ray passes. The X-ray generator 
characterized by preparing a scattering particle inhibition member in the solid angle field equivalent to the range which prepares 
the scattering particle electric shielding member which covers the scattering partiole emitted from said target member and/or 
said plasma near said target member and the plasma, and takes out said X-ray. 

[Claim 3] Said scattering particle electric shielding member is an X-ray generator according to claim 1 or 2 characterized by 
having a wrap configuration for all the emission range of said scattering particle, or the emission range of all abbreviation. 
[Claim 4] The X-ray generator according to claim 1 to 3 characterized by preparing opening for exhaust air in said scattering 
particle electric shielding member. 

[Claim 5] The X-ray generator according to claim 1 to 4 characterized by preparing opening for gas installation in said scattering 
particle electric shielding member. 

[Claim 6] The X-ray generator according to claim 1 to 5 characterized by preparing further the scattering particle control- 
section material which it is [ material ] the scattering particle control-section material which controls direction distribution of 
the burst size of the scattering particle emitted from said target member and/or said plasma, and reduces the burst size of the 
scattering particle to the direction which takes out said X-ray. 

[Claim 7] The X-ray generator according to claim 1 to 6 characterized by establishing further a cooling means to cool said 
scattering particle inhibition member. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the X-ray generator used for X-ray plants, such as an X-ray aligner, an X-ray 

microscope, and an X-rays spectroscopic analyzer. 

[0002] 

[Description of the Prior Art] If the target member placed into the vacuum housing which had laser light (an example of an 
excitation energy beam) decompressed is condensed and irradiated, a target member is plasma-ized quickly and what an X-ray 
with very high brightness is radiated for from this plasma (an X-ray is generated) (emission) is known (for example, such an X- 
ray generation source is called LPX:Laser-Plasma X-raysource). 

[0003] With generating of an X-ray, from said plasma, the scattering particles (for example, the gasified ingredient, the ionized 
ingredient, an ingredient wafer, etc.) of a member ingredient are emitted from said target member, and scattering particles, such 
as a high-speed eleotron and ion, disperse in a vacuum housing from it again (these are hereafter called a scattering particle 
colleotively). Since such a scattering particle collided with the clarification optical surface (for example, X-ray optics component 
side), adhered, was deposited, and the function and the property were reduced or it was changed [ **** / damaging these ], it 
was a big problem. 

[0004] In order to solve this trouble, he was trying for a scattering particle not to arrive at a clarification optical surface by the 
conventional approach by installing and covering the thin film (it being hereafter called the thin film for scattering particle 
inhibition, or an X-ray ejection fitter) which consists of roentgenoparent high matter (for example. Be) between X line source and 
a clarification optical surface, being filled up with the gas of the low atomic number with the high permeability to an X-ray (for 
example, helium gas) in a vacuum housing as the other approaches — or by forming the gas stream of this gas, the gas molecule 
was made to collide with a scattering particle, and inhibition of a scattering particle was aimed at (refer to JP,63-292553,A). 
[0005] 

[Problem(s) to be Solved by the Invention] There is a trouble that the rate of radioparency of the thin film for scattering particle 
inhibition falls gradually by installation of the thin film for scattering particle inhibition since a scattering particle adheres and 
deposits on the thin film for scattering particle inhibition although adhesion of the scattering particle to a clarification optical 
surface and deposition can be prevented instead (the use X-ray intensity in the direction of X-ray ejection falls). 
[0006] Moreover, by the approach of aiming at inhibition of a scattering particle, there is a trouble that a scattering particle 
cannot necessarily be prevented effectively, by [ which are filled up with the gas of a low atomic number with the high 
transmission to an X-ray (buffer gas) in a vacuum housing ] depending especially or forming the gas stream of this gas. For 
example, when a target member is a tantalum, within the fully exhausted vacuum housing (pressure of 10Pa or less), many 
scattering particles in the direction of a normal of a target member front face are distributed. And although a scattering particle 
will decrease about the direction where many scattering particles are emitted for dispersion by the gas molecule if the buffer gas 
for scattering particle inhibition is introduced in a vacuum housing, the scattered scattering particles disperse before gas 
installation also in the direction which had little emission of a scattering particle, 

[0007] Therefore, if a buffer gas is used in order to prevent a scattering particle, distribution of the emission direction of a 
scattering particle will be equalized. About the direction with little emission of a scattering particle, as compared with the 
direction with much emission of a scattering particle, this has the small effectiveness of gas installation, or shows that it 
becomes an opposite effect rather. As for the ejection of an X-ray, it is common to carry out in a direction with little emission of 
a scattering particle, and the effectiveness of gas installation is small about the direction of ejection of an X-ray with little 
emission of a scattering particle, or it is a big trouble to become an opposite effect rather. 

[0008] When preparing the scattering particle control -section material which it is [ material ] the scattering particle control- 
section material which controls direction distribution of the burst size of a scattering particle near the plasma especially, and 
reduces the burst size of the scattering particle to the direction which takes out said X-ray, the effectiveness of the gas 
installation about the direction of ejection of an X-ray is small, or it is a big trouble to become an opposite effect rather. This 
invention is an X-ray generator which uses a buffer gas, in order to have been made in view of this trouble and to prevent a 
scattering particle, and it aims at offering the X-ray generator which can use about the direction of ejection of an X-ray, 
reducing adhesion of an inconvenient scattering particle and deposition, consequently carrying out long duration stability. 
[0009] 

[Means for Solving the Problem] Irradiate an excitation energy beam at the target member in the decompressed vacuum housing, 
and the plasma is made to form, therefore, this invention — the first — " — In the X-ray generator which uses a buffer gas in 
order to prevent the scattering particle which is the X-ray generator which takes out an X-ray from this plasma, and is emitted 
from said target member and/or said plasma It is the member which has opening which said excitation energy beam passes, and 
another opening which said X-ray passes. The scattering particle electric shielding member which covers the scattering particle 
emitted from said target member and/or said plasma is prepared near said target member and the plasma. And the X-ray 



generator (claim 1) characterized by preparing the scattering particle inhibition member which acjjoins or approaches in the solid 
angle field equivalent to the range which takes out said X-ray" is offered, 

[0010] Irradiate an excitation energy beam at the target member in the decompressed vacuum housing, and the plasma is made 
to form, moreover, this invention — the second — " — In the X-ray generator which uses a buffer gas in order to prevent the 
scattering particle which is the X-ray generator which takes out an X-ray from this plasma, and is emitted from said target 
member and/or said plasma It is the member which has opening which said excitation energy beam passes, and another opening 
which said X-ray passes. The scattering particle electric shielding member which covers the scattering particle emitted from 
said target member and/or said plasma is prepared near said target member and the plasma. And the X-ray generator (claim 2) 
characterized by preparing a scattering particle inhibition member in the solid angle field equivalent to the range which takes out 
said X-ray" is offered. 

[0011] Moreover, this invention provides the third with "the X-ray generator (claim 3) according to claim 1 or 2 characterized by 
said scattering particle electric shielding member having a wrap configuration for all the emission range of said scattering 
particle, or the emission range of all abbreviation." Moreover, this invention provides the fourth with "the X-ray generator (claim 
4) according to claim 1 to 3 characterized by preparing opening for exhaust air in said scattering particle eleotrio shielding 
member." 

[0012] Moreover, this invention provides the fifth with "the X-ray generator (claim 5) according to claim 1 to 4 characterized by 
preparing opening for gas installation in said scattering particle electric shielding member." Moreover, this invention provides the 
sixth with "the X-ray generator (claim 6) according to claim 1 to 5 characterized by preparing further the scattering particle 
control-section material which it is [ material ] the scattering particle control-section material which controls direction 
distribution of the burst size of the scattering particle emitted from said target member and/or said plasma, and reduces the 
burst size of the scattering particle to the direction which takes out said X~ray." 

[0013] Moreover, this invention provides the seventh with "the X-ray generator (claim 7) according to claim 1 to 6 characterized 

by establishing further a cooling means to cool said scattering particle inhibition member." 

[0014] 

[Function] In the X-ray generator of this invention, opening which prepares the scattering particle electric shielding member 
which covers the scattering particle emitted from a target member and/or the plasma near a target member and the plasma, and 
an excitation energy beam passes to this scattering particle electric shielding member, and another opening which an X-ray 
passes are prepared. 

[0015] Therefore, without decreasing the reinforcement of the X-ray generated from X line source, the burst size of the 
scattering particle to inconvenient directions (the direction which faces to the thin film for scattering particle inhibition, direction 
which goes to a clarification optical surface) is reduced, and adhesion of an inconvenient scattering particle and deposition 
(adhesion to the thin film for scattering particle inhibition, a clarification optical surface, etc., deposition) can be reduced. 
Furthermore, in the X-ray generator of this invention, the scattering particle inhibition member located the outside (field which 
adjoins or approaches) or inside a solid angle field is prepared. [ equivalent to the range which takes out an X-ray ] 
[0016] Therefore, adhesion of an inconvenient scattering particle and deposition (adhesion to the thin film for scattering particle 
inhibition, a clarification optical surface, etc., deposition) can be reduced about the direction of ejection of an X-ray. Therefore, 
according to the X-ray generator of this invention, long duration stability is carried out and an X-ray generator can be used 
(claims 1 and 2). Arrangement of each part material which starts the X-ray generator (an example) of this invention at drawjngj. 
is shown. 

[0017] The excitation energy beam 111 goes in the direction of X-ray ejection through another opening B which formed X-ray 
112 generated from the plasma 113 toward the target member 114 through the opening A prepared in the scattering particle 
electric shielding member 101 in the scattering particle electric shielding member 101. Therefore, the reinforcement of the X-ray 
generated from X line source (plasma) does not decrease. 

[0018] It reflects, and most scattering particles emitted from the target member 114 and/or the plasma 113 are collided and 
scattered on the scattering particle electric shielding member 101. These scattering particles reflected and scattered about 
collide with the scattering particle which goes to the opening B prepared in the scattering particle electric shielding member 101, 
and change the scattering direction. Therefore, originally the scattering particle which should pass Opening B can pass Opening 
B. 

[0019] Moreover, the probability for a scattering particle and a particle after colliding with the scattering particle reflected and 
scattered about and the scattering particle which goes to Opening B to pass Opening B is very small. Passing Opening B without 
receiving dispersion within the scattering particle electric shielding member 101. the scattering particle which jumped out of the 
plasma 113 in the solid angle field T which expects the X-ray ejection aperture (an example of a clarification optical surface) 123 
receives dispersion by the buffer gas inside the scattering particle inhibition member 102. And there are very few particles which 
reach the X-ray ejection aperture 123 as a result of dispersion, passing only through the inside of the solid angle field T. 
[0020] Since the structure inside the scattering particle inhibition member 102 has a configuration which prevents effectively the 
scattering particle which jumped out of the solid angle field T, it can reduce effectively the scattering particle adhered and 
deposited in the X-ray ejection aperture 123. It is not necessarily limited to a tabular object with puncturing like a member 102 
that the scattering particle inhibition member concerning this invention should just have the configuration from which the 
scattering particle which came out of Field T can prevent advancing into Field T again. 

[0021] Moreover, although the amount of X linear lights taken out strictly will fall, the aforementioned effectiveness is acquired 
even if it prepares a scattering particle inhibition member in the solid angle field T equivalent to the range which takes out an X- 
ray. For example, it is the case where a very thin plate is formed in accordance with an optical path on the optical path of the 
X-ray in a solid angle field. In addition, since the scattering particle emitted toward the outside of the solid angle field T which 
expects the X-ray ejection aperture 123 from the plasma 1 13 cannot trespass upon the interior of a member when the member 
102 keeps airtightness perfect except for a part for the pore in which an X-ray carries out incidence, even when the member 
101 is not arranged, it does not reach the X-ray ejection aperture 123 by dispersion. 



[0022] However, also although it is called the space of the outside of a member 102, as for the consistency of a scattering 
particle, it is desirable to stop low and to prevent the dirt by the scattering particle in a vacuum housing. Moreover, the 
scattering grain density of the space of the outside of a member 102 is fully lowered by the member 101, and the way which 
does not require strict airtightness is easy for a member 102 in manufacture of these members, and ac}justment of arrangement 
rather than it attains strict airtightness. 

[0023] In order to ensure electric shielding of a scattering particle, it is desirable that a scattering particle electric shielding 
member makes a wrap configuration all the emission range of a scattering particle or the emission range of ah abbreviation (claim 
3). For example, the shape of dome shape and a core box configuration are desirable. The scattering particle from a target 
member etc. increases, the degree of vacuum between a target member and a scattering particle electric shielding member may 
worsen, and this becomes remarkable as the repeat frequency of excitation energy light (for example, pulse laser light) becomes 
high. 

[0024] If the degree of vacuum between a target member and a scattering particle electric shielding member worsens, before 
excitation energy light reaches a target member, breakdown will be carried out, and the X-ray emitted from the plasma will be 
absorbed, and the problem that the X-ray intensity (it takes out) to be used falls will occur. Therefore, it is desirable to prepare 
opening for exhaust air in a scattering particle electric shielding member (claim 4). If piping from an exhauster is connected to 
opening for exhaust air and the space between a target member and a scattering particle electric shielding member is exhausted, 
since aggravation of said degree of vacuum can be prevented, the fail of X-ray intensity can also be prevented. 
[0025] In addition, another opening which opening which an excitation energy beam passes, or an X-ray passes may be made to 
serve a double purpose as opening for exhaust air. Moreover, it is desirable to prepare opening for gas installation in a scattering 
particle electric shielding member (claim 5). If piping from the chemical cylinder besides a vacuum housing is connected to 
opening for gas installation and gas is introduced into the space between a target member and a scattering particle electric 
shielding member, since a scattering particle can be discharged outside said space by gas and aggravation of said degree of 
vacuum can be prevented, the fall of X-ray intensity can also be prevented. 

[0026] in addition, the exhauster with which the gas and the scattering particle which were discharged outside said space 
exhaust the whole vacuum housing — or it is discharged out of a vacuum housing by the exhauster linked to opening for said 
exhaust air. As for the gas to introduce, what has the few absorption to the X-ray of the wavelength (it takes out) to be used is 
desirable, for example, the absorption to the X-ray used [ from ] among gas, such as helium, oxygen, nitrogen, air, an argon, and 
a krypton, chooses few things, and should just introduce it. 

[0027] As for the amount of installation of gas. it is desirable to make it extent from which the amount of X-ray absorptions by 
introductory gas in the space between a target member and a scattering particle electric shielding member does not pose a 
problem. If the scattering particle control-section material which it is [ material ] the scattering particle control-section material 
which controls direction distribution of the burst size of a scattering particle, and reduces the burst size of the scattering 
particle to the direction which takes out an X-ray is prepared further, since the scattering particle inhibition effectiveness in the 
direction of ejection of an X-ray will increase, it is desirable (claim 6). 

[0028] As an ingredient used for this scattering particle control-section material, high-melting [, such as a tantalum, a tungsten, 
a diamond, a ceramic, and stainless steel, ] or the ingredient of a high degree of hardness is desirable, for example. Since 
scattering particle control-section material is arranged in the location which approached the plasma very much, this is for 
preventing emission of this member ingredient by the collision to this member front face of ion or an electron that comes flying 
from the plasma. That is, since inconvenient adhesion and deposition will arise like a scattering particle if there is emission of 
this member ingredient, this is prevented. 

[0029] If a cooling means to cool the scattering particle inhibition member concerning this invention is established further, since 
this member will become easy to adsorb a scattering particle and the inhibition effectiveness will increase, it is desirable (claim 
7). Or it is also desirable to process the front face of a scattering particle inhibition member (for example, delustering 
processing) so that it may be easy to adsorb a scattering particle, although the configuration of the target member concerning 
this invention has the desirable shape especially of a tape which can be rolled round — the shape of tabular and bulk — being 
cylindrical . Moreover, the ingredient of a target member has Ta, desirable W, etc. 

[0030] Hereafter, although an example explains this invention to a detail further, this invention is not limited to these examples. 
[0031] 

[Example] A tape-like tantalum is used for draw ing 2 as a target member 214, and the partial block diagram of the X-ray 
generator of this example using an X-ray with a wavelength of 13nm is shown. It is condensed by the front face of the tantalum 
target 214 arranged in a vacuum housing 221, after it is condensed with a condenser lens 224 and the YAG laser light (an 
example of an excitation energy beam) 211 penetrates an entrance window 222. 

[0032] The tantalum target 214 is a tape configuration with a thickness of 15 micrometers, at the time of plasma generating, by 
the driving means (for example, a motor, un-illustrating), rotates a reel 215 and is rolling round the tantalum tape so that laser 
light may not be repeatedly condensed by the same location on a tape. The passing speed of a tantalum tape is a rate which a 
tape moves beyond the distance equivalent to the diameter of the hole which will be produced on a tantalum tape with plasma 
generating by the time the laser light for generating the following plasma carries out incidence, after one plasma is generated. 
[0033] X-ray 212 which generated YAG laser 21 1 in the incident angle of 45 degrees on the tantalum tape target 214 from 
incidence and the plasma 213 which it was condensed and was generated is led to an X-ray optics system in YAG laser 211 
from the X-ray ejection aperture 223 prepared in the direction of 45 degrees of the opposite side. Near the plasma 213, the 
scattering particle electric shielding member 201 which has the opening A which YAG laser 21 1 which carries out incidence to a 
target 214 passes, and the opening B which X-ray 212 to take out passes is arranged. 

[0034] If it applies to the X-ray ejection aperture 223 neighborhood from the opening B of a member 201, the scattering particle 
inhibition member 202 is arranged. The member 202 has the configuration which has arranged two or more plates 241,242,243 
which the hole opened so that the field T of the solid angle which expects the X-ray ejection aperture 223 from the plasma 213 
might not be interrupted. Kr gas is filled up into the vacuum housing 221 with the pressure of 0.1torr(s) as a buffer gas. Kr gas 



has permeability comparable as helium of the same pressure to an X-ray with a wavelength of 13nm. 

[0035] In the X-ray plant of this example, scattering particles other than the scattering particle which jumps out, respectively in 
the direction as for which YAG laser 21 1 carries out incidence, and the direction of X-ray 212 to take out are covered by the 
member 201. Therefore, the scattering particle weight diffused in a vacuum housing can be reduced by dispersion with the gas 
with which it filled up, and the scattering particle which reaches the X-ray ejection aperture 223 can be reduced In addition, the 
contamination in the vacuum housing by the scattering particle is mitigable. 

[0036] Moreover, a member 202 prevents what oannot pass the tabular part 241,242,243 which has a hole by dispersion with Kr 
gas molecule with which it filled up in the vacuum housing among the scattering particles which jumped out in the direction of 
ejection of an X-ray, and the scattering particle weight which reaches the X-ray ejection aperture 223 is decreased. 
Furthermore, the part which forms the outer shell of a member 202 can prevent a particle from scattering reaching [ which was 
diffused in the vacuum housing (outside of a member 202) ] the X-ray ejection aperture 223. 

[0037] Kr gas with which it was filled up as a buffer gas can scatter a scattering particle very effectively compared with the gas 
of an element with the small mass numbers, such as helium gas. In this example, although each of incident angles of the YAG 
laser to a target member front face and ejection angles of an X-ray was made into 45 degrees, it is not limited to this include 
angle. Although the thing of a configuration like a member 202 was used as a scattering particle inhibition member in this 
example, the same effectiveness is acquired also by arranging the member 341 of the shape of a cone as shown in drawin g 3 
(the 2nd example). 

[0038] Moreover, after fully reducing the scattering particle weight diffused in a vacuum housing by the scattering particle 
electric shielding members 401 and 501, as shown in drawing 4 , in the plate which has the configuration which the hole opened 
to the field through which an X-ray passes, two or more sheets are arranged, or as shown in (the 3rd example) and draw ing 5 , 
the same effectiveness is acquired by one sheet or the thing (the 4th example) also for which one or more cone-like members 
are arranged. 

[0039] According to the X-ray plant of this example, adhesion of an inconvenient scattering particle and deposition (adhesion to 
the thin film for scattering particle inhibition, a clarification optical surface, etc., deposition) can be reduced about the direction 
of ejection of an X-ray. That is, according to the X-ray generator of this invention, long duration stability is carried out and an 
X-ray generator can be used. 
[0040] 

[Effect of the Invention] According to the X-ray generator of this invention, since adhesion of an inconvenient scattering particle 
and deposition (adhesion to the thin film for scattering particle inhibition, a clarification optical surface, etc., deposition) can be 
reduced about the direction of ejection of an X-ray consequently, long duration stability is carried out and an X-ray generator 
can be used. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing arrangement of ** and each part material concerning the X-ray generator (an example) of this 
invention. 

[Drawing 2] They are ** and the outline block diagram of the X-ray generator of the 1st example. 
[Draw ing 3] They are ** and the outline block diagram of the X-ray generator of the 2nd example. 
[Drawing 4] They are ** and the outline block diagram of the X-ray generator of the 3rd example. 
[Drawing 5] They are ** and the outline block diagram of the X-ray generator of the 4th example. 
[Description of Notations in the Main Part] 

101 201,301.401,501 Scattering particle electric shielding member 
102,202 Scattering particle inhibition member 

111 211,311,411,511 YAG laser light (an example of an excitation energy beam) 

112 212,312.412.512 X-ray to take out 

113 213,313.413.513 Plasma 

114 214,314,414.514 Target (target member) 

123 223.323,423,523 X-ray ejection aperture (an example of a clarification optical surface) 
215.315.415.515 Reel 

221.321.421.521 Vacuum housing 

222.322.422.522 YAG laser light entrance window 
224.324,424,524 Condenser lens 

241,242.243 Plate-like part material which has puncturing (member which constitutes the scattering particle inhibition member 
202) 

441.442,443,444 Plate-like part material which has puncturing 

341,541.542,543 Cone-like member 

A Opening which YAG laser light passes 

B Opening which the X-ray to take out passes 

T The field through which the X-ray to take out passes (solid angle field) 
with — Top 
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DRAWINGS 



[Drawing 1] 
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